ATP13A2 (OMIM 610513) is a lysosomal P-type ATPase implicated in neurological disorders including
Kufor-Rakeb Syndrome and Parkinson's disease, providing protection against stressors such as α-synuclein and heavy metal toxicity incited by Mn 2+ and Zn 2+ . To date, the molecular function underlying ATP13A2's protection remains uncertain, despite significant advances in its cellular contributions, with notable roles of ATP13A2 in lysosomal function, autophagy, mitochondrial maintenance and exosome release (reviewed in 1 ).
Our recent work 2 uncovered a remarkable role of the N-terminus of ATP13A2, which compared to other P-type ATPases, contains an unusual hydrophobic stretch that first was predicted as an additional N-terminal transmembrane segment. However, we demonstrated that the N-terminus does not traverse the membrane, but rests on the cytosolic membrane surface of late endo-/lysosomes where it may serve as a docking platform for lipids and proteins ( Fig. 1) 
2
. In fact, we
show that the signaling lipids phosphatidic acid (PA) and phosphatidylinositol (3, 5) We further show that ATP13A2 mediates protection against rotenone-induced mitochondrial stress requiring both catalytic activity of ATP13A2 and the lipids PA and PI (3, 5) P2. This hints to a lipiddependent activation of ATP13A2 that is important for mitochondrial homeostasis and/or clearance 2 ( Fig. 1) . In fact, PA and PI(3,5)P2 may be markers of stress regulating mitochondrial fragmentation and clearance. The levels of PA control mitochondrial fragmentation and elongation Several reports show that the catalytic activity of ATP13A2 is required to protect cells against various insults like mitochondrial stress, α-synuclein toxicity and metal exposure (Zn 2+ , Mn 2+ and Fe 3+ ) 1, 6 . It remains to be established whether all these various cytoprotective effects depend on the same Nterminal lipid switch. Besides lipid binding, the similarity of the N-terminus with the P1B-type heavy metal pumps may hint to a role of the membrane-associated N-terminus in substrate recognition and protein interactions (Fig. 1) 2 .
In conclusion, our data highlight the importance of the ATP13A2 N-terminus for lipid interactions, autophosphorylation and cell viability. In a variety of model systems ATP13A2 protects against α-synuclein-, heavy metal-or mitochondrial stress-induced toxicity. Since ATP13A2 may accumulate predominantly in an inactive state, targeting the N-terminus may offer a modality to therapeutically activate these pro-survival characteristics of ATP13A2.
Legend
Figure 1. ATP13A2 elicits protective effects against mitochondrial stress. The activity of the mitochondrial complex I, residing on the inner membrane of the mitochondria is inhibited by rotenone. This elevates the production of reactive oxygen species (ROS), inducing mitochondrial stress and mitochondrial damage. Overexpression of the lysosomal P5-type ATPase ATP13A2 elicits a protective effect on the cell against this ROS-induced mitochondrial stress. Protection was shown to depend on the availability of the signaling lipids PA and PI(3,5)P2, which appear to interact with ATP13A2 via its N-terminal membrane-associated region.
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